This work was conducted to estimate the genetic and phenotypic parameters for body weight, carcass traits and visceral portions of the native large Beladi chicken. Data set consisted of 1114 observations obtained from 50 sires and 150 dams were analyzed using Harvey's SLMLMW (1990) to obtain variance and covariance components for genetic parameters estimates. The average body weight at twelve weeks of age (800.74± 162.98g) was lower than that of exotic strains at slaughter age. The results exhibited significant differences between sexes for all traits measured with males being heavier than females. As proportion of body weight at 12 weeks of age the hot carcass weight was 63.30 percent, whereas breast, thigh, drum and leg constituted 24.60, 15.50, 14.70 and 30.10 percents of the cold carcass weight respectively. Moreover, the abdominal fat, gizzard, heart, liver and shanks represented 0.72, 2.4, 0.55, 2.38 and 4.04 percents of live body weight at 12 weeks of age respectively. The heritability estimates for body weight at 12 weeks of age and carcass traits ranged from moderate to high. This indicates the possibility of improving these traits in local chicken using selection procedures. The heritability estimates for visceral portions were low. The genetic correlation estimates for body weight and carcass traits, body weight and abdominal fat and carcass weight and abdominal fat were high and positive. Therefore attempts to improve body weight in indigenous chicken may lead to concomitant increase in carcass traits including abdominal fat.
INTRODUCTION
Poultry production system in the rural area of Sudan is based on the native fowl which has been characterized by low levels of inputs and outputs. As reported by Desai (1962) the Sudanese indigenous chicken breed (locally called Beladi) consists of three main types namely large Beladi (LB), Bare-neck (BN) and Betwil dwarf (BT). The LB is the most common type, possesses a fairly good body size at sexual maturity (1.5 Kg) and exists all over the country sides and town dwellings. Yousif et al. (2006) reported that under relatively improved management the body weight of LB at 8, 10 and 12 weeks of age were respectively 290.0, 424.6 and 554.7g. Although the indigenous chickens are commonly slaughtered at late age (16-20wk) which may degrade the quality of the meat, a considerable sector of consumers prefers it because they believe that it is tastier, healthy and available as fresh meat.
Heritability and genetic correlation estimates for body weight and carcass characteristics in broilers have been reported by several authors, ranging from moderate to high (Leenstra and Pit 1988 , Zerehdaran et al., 2004 , N'drl et al., 2006 and Gaya et al., 2006 . In general these estimates are very crucial to set a strategy for genetic improvement of the production traits (Falconer and Mackay, 1996 and Muir and Aggrey, 2003) . Despite the fact that easily accessible genetic variability for body weight and carcass traits in broilers has been depleted further progress is still possible through the application of non conventional methods such as novel DNA breeding techniques. Furthermore the local chicken breeds in developing countries represent a valuable source of genetic reservoir that could be exploited for this purpose. Yousif et al. (2010) reported heritability estimates for body weight at various ages in indigenous chicken of Sudan as moderate to high and concluded that the trait can respond to selection. However this finding may need to be confirmed by further estimation of genetic parameters for body composition traits of these local breeds. Therefore the objectives of the present study were to estimate heritability, genetic and phenotypic correlations for body weight, carcass traits and visceral portions in large Beladi chicken of the Sudan . MATERIALS AND METHODS Breeding stock and management: The breeding stock consisted of 50 cockerels and 150 pullets of native Large Beladi chicken (LB) and cattle nomads in the rural area of central Sudan to establish a base population for breeding research. The birds were selected according to the apparent characteristics of indigenous fowl as described by Desai (1962) . Upon arrival to Poultry Research Unit of the Animal Production Research Center, the stock was kept in an open sided poultry houses and subjected to six weeks adaptation period. During this period the birds received prophylactic doses of antibiotics, anthelmentics and multi-vitamins, treated against external parasites, and vaccinated against New Castle disease. Each pullet was initially weighed and randomly housed in a single double-deck breeding pen with 100×90×80 cm dimensions. For mating purpose, each cockerel was randomly assigned to rotate with three pullets every other day. Layer formulated ration with 17.5 percent CP and 1130 Kcal/ kg ME in addition to fresh water were continuously available. Because of long natural daylight during summer season in Sudan (14 hrs) only 2-4 extra hours of artificial light was provided daily.
Incubation, brooding and rearing: Egg collection for incubation had been started after rotating cockerels among pullets at least twice to assure high fertility and synchronize egg production. The eggs were weighed, pedigreed and stored in a cold room (14-17 ْC) for a week. Western model incubator with capacity of 900 eggs was used for incubation. Eggs were placed individually in small wooden boxes (each with 7×7×7cm) within the tray. On the day 18 of incubation, eggs were tested for fertility and early and late embryonic deaths before being transferred to the hatching unit. A total of 1919 chicks were obtained from three consecutive hatches at weekly intervals. Hatched chicks were weighed individually, wing banded and placed in floor brooders (each with 3×2.5×3.5 m. dimensions) up to 8 weeks of age. During the first two weeks of age chicks were fed with pre-starter diet containing 22.5 percent CP and 3075 kcal/kg ME, thereafter a starter diet containing 22.8 percent CP and 3000 k call/kg ME was used up to 8 weeks of age. From 8 to 12 weeks of age, chicks were transferred to open sided rearing pens (each with 4×3×3.5 m dimensions) and provided a finisher diet with 20.13 CP and 3000 k call/kg ME. During the experimental period feed was supplied ad-libitum whereas light was continuously provided. Moreover sanitary measurements and cleaning of the premises were regularly practiced. With the exception of multivitamins which frequently added to the drinking water there was no medication or vaccination administered to the chicks during the experiment.
Carcass processing:
After an overnight fasting (except from water) the birds were weighed individually (BW), slaughtered (by cutting the throat, jugular veins, carotid arteries, trachea and esophagus) and allowed to bleed. Each bird was scalded into hot water, defeathered by hand plucking and washed. The head (HD) was removed close to the scull and the feet and shanks (SH) were also removed at the hook joints. Evisceration was accomplished by a posterior ventral cut, thus a complete removal and weighing of the digestive tract (DT), liver (LV), heart (HR) and gizzard (GZ).The abdominal fat (AF) including fat surrounding the gizzard and leaf fat was carefully collected using forceps and weighed. The hot carcass (HW) with neck fixed was also weighed. An air chilling refrigerator (at 4 ْC) was used to keep the carcasses for 24 hours prior to processing. In the morning the carcasses were taken out of the refrigerator, allowed 4 hours thawing at room temperature and weighed individually to determine the cold carcass (CW). Each carcass was dissected into different cuts including breast (BR), thigh (TH), drumstick (DR), back (BK), neck (NK) and wing (WG). The sum of the thigh and drumstick comprises leg (LG). The carcass cuts were weighed to the nearest 0.01g.using an electronic digital balance.
Statistical analysis:
Out of 1919 chicks hatched during the experiment a data set consisted of 1114 observations with full records was analyzed by Harvey's (1990) program (Least Squares and Maximum Likelihood) to estimate variance and covariance components. The model applied in the analysis was:
Where Y ijklm = the observed value of a given individual, µ = the overall mean for trait Y, s i = the random effect of i th sire, d/s ij = the random effect of j th dam mated to i th sire, H k = the fixed effect of k th hatch, S l = the fixed effect of l th sex, (H×S) kl = the fixed effect of interaction between hatch and sex, e ijklm = the random error associated with the measurement of each individual. All random effects were assumed to be normally and independently distributed with a mean of zero and variance of σ 2
RESULTS
The overall least squares means and least squares means by sex for BW and carcass traits are presented in table 1 and the corresponding results for visceral portions are in table 2. As proportion of BW, the HW represented 63.3 percent, whereas the BR, TH, DR and LG constituted 24.6, 15.5, 14.7 and 30.1 percents of CW respectively. On the other hand AF, GZ, HR, LV and SH were 0.72, 2.4, 0.55, 2.88 and 4.04 percents of BW respectively. The differences between least squares means of sexes for BW and carcass traits were significant (P<0.01 and P<.05) with males being heavier than females (Table 3) . Sire, dam and hatch significantly affected the measured traits. The CV of AF was substantially high indicating that the trait was extremely variable.
Heritability estimates for BW and carcass traits are summarized in table 4. Heritability estimates from data on sexes combined ranged from low (0.18) for AF to high (0.61) for LG. Heritability estimates from sire component of variance were lower than those from dam component of variance. However, heritability estimates obtained from within sexes revealed higher estimates from sire component of variance than those from dam component of variance for females and the reverse was true for males. Heritability estimate for AF from sire component was exceptionally high (0.56) for males whereas the corresponding value for females was non estimable due to negative covariance. Table 5 presents the genetic and phenotypic correlations for BW and carcass traits from sire component of variance on sexes combined data. Generally the genetic correlation estimates in the present study were high and positive ranging from (0.4) to (0.99). Genetic correlations between AF and other carcass traits were moderate and positive. Phenotypic correlations among different traits were greatly variable, however they seemed to follow similar trend as for genetic correlations. Phenotypic correlations between AF and other carcass traits were low and positives. Table 6 shows the genetic parameters of the visceral portions estimated from sire plus dam component of variance. Heritability estimates for the visceral portions were generally low ranging from (0.02) for DT to (0.27) for HR. Genetic correlations between HW and LV and HW and HR were high and positive whereas those among visceral portions were variable and overestimated in most cases
DISCUSSION
In the present study body weight and carcass traits measurements were significantly lower than those reported for exotic broiler strains even though the slaughter age of the local chicken was late at 12 weeks (Leenstra and Pits, 1988 , Yalcin et al., 1997 , Havenstein et al., 2003 and Zerehdaran et al., 2004 .This should be expected since there has been no intentional selection pressure applied to improve the performance of LB chicken. However the results fall within the range of the findings reported for some indigenous chickens in developing countries ( Musa et al,2006 ., Kamali et al, 2007 ., and Nguyen et al, 2010 . The least squares means from within sex analysis were significantly heterogeneous revealing evidence for sexual dimorphism with males being heavier and possessed higher carcass traits weights and more fat than females. In general fat deposition in female chickens is expected to be higher than that in males which has been attributed to some physiological and behavioral aspects (Havenstein et al., 1988 ., Leenstra and Pit, 1988 ., Le Bihan Duval et al., 1998 and Zerehdaran, 2004 . As proportion of BW the AF in this study was comparatively low, this may be due to the fact that the local birds are extremely active and aggressive even under captivity resulting in more energy dissipation. Heritabilities are in diagonal, genetic correlations are above diagonal and phenotypic correlations are below diagonal HW= hot carcass, HD= Head weight, SH=shank weight, GZ= gizzard weight, LV= liver weight, HR= heart weight, and DT= digestive tract weight.
Heritability estimates for body weight and carcass traits in this study are within the range of the estimates in the literature (Sefton and Siegel, 1974 , Leenstra and Pit, 1988 ., Zerehdaran et al., 2005 and N'dri et al., 2005 . The higher heritability estimates for BW and carcass traits from dam component than those from sire component in the present study may indicate the contribution of dominance deviation or common environment particularly maternal effect (Falconer and Mackay, 1996) . Heritability estimates within sexes revealed higher estimates from sire component than those from dam component for females and the opposite was true for males. This result is in accordance with those reported by Havenstein et al. (1988) and Leenstra and Pit (1988) . The expression of variation for the same trait may be influenced by the sex of the individuals involved. In this study, BW and carcass traits exhibited a range of moderate to high estimates indicating the existence of considerable genetic variations which may suggest that selection procedure would be an effective tool to improve them (Falconer and Mackay, 1996) . Heritability estimates for AF from sire component of variance was exceptionally high, this is in agreement with the estimates reported by ( Leenstra and Pit (1988) and Zereldaran et el (2005) . Heritability estimates for the visceral portions in the present study are lower than those reported by Rance etal (2002) , Zerehdaran et al. (2004) and Gaya et al. (2006) . The low heritability for SH in the current study shows that selection per se may not be effective to improve this trait.
The genetic correlations between BW and carcass traits and BW and AF were positive and high. These estimates are in agreement with those reported by Leenstra and Pit, (1988) , Gaya et al. (2006) , thus selection for increased BW will lead to indirect response for carcass traits and AF. Despite the low heritability estimates for the visceral portions selection for increased BW may result in positive correlated response.
CONCLUSIONS
The performance of LB in this study falls within the range of those reported for indigenous chickens in some developing countries however it is significantly lower compared to that of the exotic broiler strains. Body and carcass weights of LB chicken represented only about one third of the exotic broilers at slaughter age. This is due to the fact that no intentional selection has been applied to improve the production traits in LB. Males were significantly heavier than females and possessed heavy breast and leg muscles however both sexes showed a relatively low abdominal fat. This is probably due to the fact that the bird is extremely active even in captivity resulting in extra energy dissipation. Heritability estimates for body weight and carcass traits ranged from moderate to high indicating that these traits can respond to selection. Genetic correlation estimates between body weight and carcass traits were positive and high implying that selection for BW ultimately leads to improve carcass traits.
